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© Texture mapping is performed on polygons at 
the same speed as a polygon drafting process with- 
out a texture cache, thereby preventing complexity 
and an mcrease in cost. An image memory (8) is 
constituted in a double-buffer structure, and an ad- 
dress hne. a data line and a memory control line are 
individually connected to each buffer. One of the two 
buffers is used for texture data, and the other for a 
drawing result. The texture data is one-dimensional 
and the size thereof is less than a maximum value of 
a column address. The other buffer is an imaginary 
double buffer with two buffers, one of the buffers 
being used for reading out image data from a SAM 
port, the other, being used for writing image data 
produced from polygons. Read/write switching is ef- 
fected ,n a vertical flyback period. In the read-out 
buffer, just after row-directional read-out. the asso- 
ciated row is cleared by the flash write function of a 
multiport DRAM in a horizontal flyback period, and 
the next read-out address is output. In synchronism 
with this, texture data is refreshed. 
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The present invention relates to an image pro- 
cessing apparatus for performing three-dimensional 
(3-D) computer graphics (CG). 

Recently, game machines using computer 
graphics (CG) have widely been prevalent. Most of 
them are two-dimensional (2-D) CG systems. How- 
ever, images produced by CG systems are gen- 
erally short of naturalness. In order to overcome 
this drawback, a natural image is prepared as tex- 
ture data, and a model image is subjected to a 
texture mapping process. 

A conventional inexpensive CG system has a 
structure as shown in FIG. 1. Specifically, a graph- 
ics chip 100 is connected to a single address line 
101 and a data line 102. The address line 101 and 
data line 102 are connected to first and second 
image memories 103 and 104. Each of the image 
memories 103 and 104 comprises a texture data 
area and a pixel data area. A model produced by 
pixel data is painted out by texture data by the 
following process. At first, the graphics chip 100 
fetches polygon data from an external bus 105 and 
then texture data from the image memory 103. The 
graphics chip 100 executes graphics processing 
and writes the processing result (pixel data) in the 
image memory 103. Alternatively, texture data in 
the image memory 104 may be fetched to subject 
the pixel data in the image memory 103 to map- 
ping processing. 

In the above-described conventional CG sys- 
tem, the graphics chip 100 does not perform in 
parallel the fetching of texture data and pixel data 
and writing in the image memory, but performs 
serially, and a long processing time is required. 
This problem results from common use of the 
address line and data line in two banks (image 
memories 103 and 104). 

The reason why the address line and data line 
are shared by the image memories 103 and 104 is 
that the number of pins can be decreased and the 
manufacturing cost decreased. Besides, since the 
conventional graphics chip 100 does not include a 
CRT controller, it is necessary to read out data 
from the image memory 103 or 104 and output the 
data to the external bus 105. When the internal 
memory of the graphics chips 100 is used to 
output data to the external bus 105, system control 
is made easier by sharing the address line and 
data line for the image memories 103 and 104. In 
the conventional system, in order to simplify the 
mapping algorithm, texture data is stored in a two- 
dimensional fashion. As a result, when multiport 
DRAMs used as image memories 103 and 104 are 
accessed, a considerable page break may occur 
frequently. Thus, the speed of the processing for 
subjecting polygons to texture mapping is much 
lower than that of the processing for drawing only 
polygons. Moreover, although the multiport ORAMs 
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are used as image memories 103 and 104 in the 
conventional system, a refresh time period for re- 
freshing a desired row address is set indepen- 
dently. Thus, the access to the DRAM is prohibited 

5 in the refresh time period, and the entire process- 
ing speed decreases further. 

In order to solve the above problems, there is a 
method of providing a texture cache memory within 
a system or within a graphics chip and making use 

to of it as a data buffer. However, in a video game 
machine whose system is inexpensive, an increase 
in cost due to provision of a cache memory is a 
problem. Furthermore, even if a cache memory is 
provided, since original data is two-dimensional, a 

;s considerable degree of page break occurs when 
texture data is fetched in the cache memory. Con- 
sequently, the processing speed lowers. 

As has been described above, in the conven- 
tional 3-D computer graphics, when texture map- 

20 ping is performed on polygons, the processing 
speed lowers and high-speed plotting cannot be 
achieved. Furthermore, the manufacturing cost in- 
creases due to provision of a texture cache mem- 
ory. 

25 The object of the present invention is to pro- 

vide an image processing apparatus, used in a 
video game apparatus, for performing texture map- 
ping on polygons at the same speed as the pro- 
cessing for mapping only polygons, without using a 

30 texture cache memory. 

In order to achieve this object, there is pro- 
vided an image processing apparatus having co- 
ordinate conversion means for conversion to a dis- 
play coordinates system on the basis of model 

35 information consisting of polygons, arithmetic op- 
eration means for calculating a luminance gradient 
of each vertex of the polygons, means for storing 
the result of arithmetic operations of the arithmetic 
operation means, rendering means for performing 

40 shading, texture mapping, etc. of the polygons on 
the basis of the result of the arithmetic operations, 
means for storing a result of drawing in an image 
memory constituted basically by a multiport DRAM, 
and means for controlling the image memory, said 

45 apparatus comprising: 

an image memory constituted by a multiport 
DRAM including a first memory and a second 
memory to which address lines, data lines, and 
memory control lines are individually connected; 

so determination means for determining whether 

the size of the second memory is greater than 
double the display size of an image to be dis- 
played; 

setting means for fixedly setting said first 
55 memory as a texture memory for storing texture 
data and setting said second memory as a frame 
memory for storing the result of drawing, if the size 
of the second memory is greater than double the 
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display size, said setting means also setting the 
internal structure of the second memory as imagi- 
nary double buffers divided by information of a 
highest bit for the address data, the internal data 
structure of said texture memory being such that 
two-dimensional texture data is expressed as one- 
dimensional texture data, the side of the one-di- 
mensional texture data being less than a maximum 
value of a column address of said first memory; 

buffer switching means for switching, within a 
vertical flyback time period, double buffers set 
within the second memory such that one of said 
buffers is used for reading out image data from a 
SAM (serial access memory) port, and the other of 
said buffers is used for writing image data pro- 
duced from the polygons into a RAM port; 

detecting means for detecting completion of 
reading out of the image data of every scan line of 
said buffer for reading out the image data; 

clearing means for clearing the scan line de- 
tected by said detecting means within a horizontal 
flyback time period (horizontal blanking time pe- 
riod) by means of a flash write function of said 
multiport DRAM; 

next-address output means for outputting an 
address of the next-readout scan line of the scan 
line cleared by said clearing means; and 

refreshing means for refreshing the texture 
memory in synchronism with the clearing process- 
ing of said clearing means and the address output 
from said next-address output means. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

FIG. Lis a view for explaining a method of using 
a conventional image memory; 
FIG. 2 shows the structure of an embodiment of 
the present invention; 

FIG. 3 shows an example of the contents of a 
texture memory used in the apparatus shown in 
FIG. 2; and 

FIG. 4 is a timing chart for explaining the opera- 
tion of the apparatus shown in FIG. 2. 

An embodiment of the present invention will 
now be described with reference to the accom- 
panying drawings. 

FIG. 2 shows the structure of an image pro- 
cessing system apparatus according to an embodi- 
ment of the present invention. 

In FIG. 2. a block indicated by a broken line A 
is a graphics chip, and a block indicated by a 
broken line B is an image memory. The image 
memory B comprises a well-known multiport 
ORAM. 

In this system, the image memory B has a 
double-buffer structure (a texture memory 7 and a 
frame memory 8 are shown in FIG. 2). Each buffer 
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(texture memory 7. frame memory 8) is individually 
connected to an address line, a data line and a 
memory control line. 

The frame memory 8 is used for storing the 

5 result of drawing, and the texture memory 7 is 
used for storing texture data. 

The internal data array of the texture memory 7 
is a one-dimensional texture data array and the 
size of the one-dimensional texture data is less 

to than the maximum value of column addresses of 
the memory. The internal structure of the frame 
memory 8 is divided by information of a highest bit 
for the address data, and one frame memory 8 is 
used as an imaginary double buffer memory. One 

'5 buffer and the other buffer are alternately switched 
for write and read in a vertical fly-back time period. 
An SAM (serial access memory) port is used as an 
image data read-out port, and a RAM (random 
access memory) port is used as an image data 

20 write port for writing of data produced by use of 
polygons. 

When a mapping data producing process is 
started, the image memory B is set in the texture 
memory 7 and frame memory 8. Then, it is deter- 
25 mined whether or not the size of the frame memory 
8 is greater than double the display size of image. 
This determination is effected when the system is 
powered on. Predetermined data is written from the 
top address in the image memory B via a V data 

30 line. And the data is read out from the image 
memory B. The read-out data is monitored by a 
system controller (not shown), and thereby the size 
of the image memory B is determined. If the size 
of the frame memory 8 is greater than double the 

35 display size of image, the frame memory 8 is used 
as imaginary double buffers. The screen display 
size is determined, e.g., in accordance with the 
size of a model to be mapped. 

The structure and operation of the entire sys- 

40 tern will now be described. 

Polygon-based model information (coordinate 
values of display of each vertex, luminance, texture 
coordinate values, etc.) is stored a model informa- 
tion storage 1 such as a ROM cassette, hard disk, 

45 or CD-ROM. Polygons are information including 
basic cell data for 3-D mapping. 

Polygon information constituting a model is 
stored directly in an information storage 2. or it is 
temporarily stored in an external memory 3 and 

so then stored in the information storage. A prepro- 
cessor 4 subjects a model stored in the information 
storage 2 to. e.g. transformation (affine transforma- 
tion) from world coordinates to viewpoint coordi- 
nates or perspective transformation. The informa- 

55 tion obtained by this transformation process is 
transferred to the information storage or external 
memory 3. After the pre-processor 4 has com- 
pleted pre-processes, such as coordinate trans- 



3 



5 



EP 0 613 098 A2 



6 



formation, perspective transformation, planar for- 
mula processing, luminance gradient processing, 
with respect to all polygons, each polygon informa- 
tion item is transferred from the information storage 
2 or external memory 3 to a drafting processor 5. 
The rendering processor 5 performs analysis pro- 
cessing by DDA (Oigital Differential Analysis) such 
as shading of polygons. When texture is mapped 
on polygons subjected to a rendering arithmetic 
operation, i.e. shading processing, a texture num- 
ber of a texture to be mapped on model (polygon) 
information and texture coordinates corresponding 
to vertices of polygons are read out of the informa- 
tion storage 2 and transferred to a texture DDA 6. 
The DDA6 calculates an address in the texture 
memory 7 corresponding to each pixel of polygons 
on the basis of texture coordinates of vertices of 
polygons. 

In FIG. 2, the texture memory and frame mem- 
ory 8 are shown as separate units. However, as 
described above, they are constituted by the mul- 
tiport .DRAM. In this system, the image memory 
(multiport DRAM having a flash write function) has 
a double buffer structure, and address lines, data 
lines and memory control lines are separately con- 
nected to the individual buffers. One of the buffers 
is used as texture memory 7 for storing texture 
data, and the other as frame memory 8 for storing 
the result of drawing. 

The address calculated by the texture DDA 6 is 
selected by a T-address selector 17 and trans- 
ferred to the texture memory 7 via a T-address 
line. Then, the texture data is transferred from the 
texture memory 7 to the rendering processor 5 via 
a T-data line. The rendering processor 5 executes 
processes such as o -Blending, thereby producing 
drawing data. The drawing data is supplied to the 
frame memory 8 via a V-data line. 

On the other hand, a V-address selector 14 
obtains from a state machine 15 information to the 
effect that the present mode is the drawing mode, 
and selects an address from the rendering proces- 
sor 5. The selected address is led to the V-ad- 
dress. Thereby, the drawing data is stored in the 
frame memory 8. 

In these processes, the calculation of the tex- 
ture coordinates by the texture DDA6 is effected in 
units of a pixel and therefore it is effected in 
synchronism with the DDA processing for shading 
carried out in the rendering processor 5. thus en- 
abling pipeline processing to be performed. 

FIG. 3 shows the structure of texture data with- 
in the texture memory 7. Specifically, two-dimen- 
sional texture data is stored in the state in which it 
is expressed as one-dimensional texture data. 

When texture data is constituted within the 
texture memory 7 in the above manner, all texture 
data relating to one texture is present one-dimen- 



sionally within a page in the DRAM. Thus, only by 
controlling a memory control signal (row address 
strobe (RAS).etc.) necessary for first accessing to a 
page in the memory 7, can the high-speed page 
5 mode operation or pipeline mode operation pecu- 
liar to the DRAM be performed. While a single 
texture mapping operation is performed, no page 
break occurs, and a high-speed drawing process 
can be executed without break of pipe. The memo- 
io ries 7 and 8 are controlled by control signals from 
a memory interface (memory l;F)9. Data is read out 
from the aforementioned other buffer of the frame 
memory 8. and the read-out data is fed to a DAC 
(digital-to-analog converter). At this time, a scan 

J5 line comparator 10 counts a scan-line-directional 
image read-out serial clock produced by a serial 
clock generator 11, and determines whether or not 
data transfer corresponding to the number of pixels 
in the scan line direction has been completed. If it 

20 is completed, end signals are fed to the state 
machine 15 and a DAC (digital-to-analog converter) 
controller 12. Then, the state machine 15 sends 
processing pause information to the rendering pro- 
cessor 5. On the other hand, the DAC controller 12 

25 outputs a horizontal blanking signal. 

An end signal is also sent to an address gener- 
ator 13. Then, the address generator 13 outputs a 
row address of a scan line from which data read- 
out has been finished and supplies the row address 

30 to a V-address selector 14. In addition, the state 
machine 15 sends flyback mode information to the 
V-address selector 14. Thereby, the V-address se- 
lector 14 selects the row address from the address 
generator 13 and outputs it to a V-address line. In 

35 this case, a flash write operation of the multiport 
DRAM is used, and the control signal is output 
from the memory I. F 9. The stored data relating to 
the associated line is cleared by the flash write. 
Thereafter, for reading out the next image data, a 

40 row address is generated by the address generator 
13 and output to the V-address line. Thereby, in 
the read-out side buffer of the frame memory 8. 
data is transferred to the SAM port and the data 
can be read out. 

45 As described above, a flyback mode is set in 

part of the horizontal flyback time period, and in- 
formation from the address generator 13 flows in 
the V-address line. Thus, the drafting processing in 
the drafting processor 5 is not effected. 

so By making use of this time period (part of the 

horizontal low address strobe), the texture memory 
7 is refreshed in the RAS (low address strobe)- 
only-refresh type mode. Specifically, when a tex- 
ture memory refresh unit 16 receives flyback mode 

55 information from the state machine 15. it produces 
a row address (n) to be refreshed. The T-address 
selector 17 selects. the row address (n) from the 
texture memory refresh unit 16 and outputs it to 
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the texture memory 7 for RAS-only-refresh. Subse- 
quently, the texture memory refresh unit 16 pro- 
duces a row address (n+1) and refreshes the 
(n+ 1)th address similarly. After refreshing, the op- 
eration mode of the T-address selector 17 is 
changed to the drafting mode by a command from 
the state machine 15. and it selects a T-address 
line from the texture DDA 6. 

The reason why the two row addresses of the 
texture memory 8 can be refreshed in synchronism 
with the control of the frame memory 8 is as 
follows: since the timing for clearing the stored 
content of the row address immediately after read- 
out and the timing for designating the next read-out 
row address are provided for the frame memory 8. 
the address is supplied twice and the texture mem- 
ory 7 and frame memory 8 are constituted in the 
DRAM. 

After the image data has been read out from 
one of the buffers of the frame memory 8, the data 
relating to the vertical flyback time period is sent to 
the state machine 15, and the said one of the 
buffers is used for data write and the other for data 
read. The switching between the read mode and 
write mode of both buffers is effected by data fed 
from the state machine 15 via the l/F 9. 

FIG. 4 shows a simple timing chart of the 
present system. 

An upper portion of FIG. 4 illustrates a timing 
of the frame memory 8. showing a row address m 
of a scan line and a row address (m + 1) for the 
next read-out. At the time the row address (m-H) 
is designated, the stored data is transferred to the 
SAM port side within the memory 8. A lower por- 
tion of FIG. 4 illustrates a timing of the texture 
memory 7. In synchronism with the address control 
of the frame memory 8, the address m and ad- 
dress (m + 1 ) of the texture memory 7 are re- 
freshed. In this manner, by refreshing the address- 
es of two rows of the texture memory 7, the texture 
memory 7 can be refreshed at a speed twice as 
high as the read-out speed of the frame memory 8. 

As has been described above, according to 
this invention, there is provided an image process- 
ing apparatus having coordinate conversion means 
for conversion to a display coordinates system on 
the basis of model information consisting of poly- 
gons, arithmetic operation means for calculating a 
luminance gradient of each vertex of the polygons, 
means for storing the result of arithmetic operations 
of the arithmetic operation means, rendering means 
for performing shading, texture mapping, etc. of the 
polygons on the basis of the result of the arithmetic 
operations, means for storing a result of drawing in 
an image memory constituted basically by a mul- 
tiport DRAM, and means for controlling the image 
memory. In this apparatus, an image memory (B) 
constituted by a multiport DRAM includes a first 



memory (7) and a second memory (8) to which 
address lines, data lines, and memory control lines 
are individually connected. Determination means 
(20) determines whether the size of the second 

5 memory (8) is greater than double the display size 
of an image to be displayed. Setting means (15, 9) 
sets fixedly the first memory (7) as a texture mem- 
ory for storing texture data and sets said second 
memory (8) as a frame memory for storing the 

w result of drawing, if the size of the second memory 
(8) is greater than double the display size. The 
setting means also sets the internal structure of the 
second memory (8) as imaginary double buffers 
divided by information of a highest bit for the 

ts address data. Of the imaginary double buffers, one 
of said buffers is used for reading out image data 
from a SAM (serial access memory) port, and the 
other of said buffers is used for writing image data 
produced from the polygons into a RAM port. In 

20 the internal data structure of the texture memory. 
two-_dimensional texture data is expressed as one- 
dimensional texture data, the size of the one-di- 
mensional texture data being less than a maximum 
value of a column address of said first memory. 

25 Buffer switching means (9, 15) switches, within a 
vertical flyback time period, the- double buffers set 
within the second memory (8) so that one of them 
is used for data read and the other for data write. 
Detecting means (10. 11) detects completion of 

30 reading out of the image data of every scan line of 
said buffer for reading out the image data. Clearing 
means (13. 14. 15. 9) clears the scan line detected 
by said detecting means within a horizontal flyback 
time period (horizontal blanking time period) by 

35 means of a flash write function of said multiport 
DRAM. Next-address output means (13. 14, 15, 9) 
outputs an address of the next-readout scan line of 
the scan line cleared by said clearing means. Re- 
freshing means (15, 16) refreshes the texture mem- 

40 ory in synchronism with the clearing processing of 
said clearing means and the address output from 
said next-address output means. 

By the above means, in the image processing 
apparatus for performing 3-D computer graphics. 

45 the image memory (B) using the multiport DRAM is 
set as texture memory 7 and frame memory 8. If 
the size of the memory 8 is greater than twice the 
screen size, one of the memories is used for stor- 
ing drafting data, and the other for storing texture 

so data. Flash write is effected on the line which has 
completely been read in the horizontal flyback pe- 
riod. At the same time, an address for transferring 
data to the SAM port for read-out is generated, and 
synchronously the texture memory is refreshed, 

55 thereby preventing a decrease in processing speed 
due to the refresh cycle. In the texture memory 7, 
conventional two-dimensional texture data is rear- 
ranged in a one-dimensional fashion, and the tex- 
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ture size data is made to fall within DRAM page 
size. Thereby, page break does not occur and 
high-speed texture mapping is performed. Besides, 
a decrease in processing speed, which has con- 
ventionally occurred in effecting texture mapping 5 
on polygons, does not occur. The manufacturing 
cost does not increase owing to addition of texture 
caching. Therefore, inexpensive, high-speed texture 
mapping can be realized. 

The present invention is not limited to the w 
above embodiments, and various modifications can 
be made. 

As has been described above, according to 
this invention, page break in DRAM or a decrease 
in processing speed due to refresh timing does not ts 
occur, and a high-speed texture mapping process 
can be performed without adding a texture cache 
memory. 

Claims 2 o 

1. An image processing apparatus having coordi- 
nate conversion means for conversion to a 
display coordinates system on the basis of 
model information consisting of polygons. 25 
arithmetic operation means for calculating a 
luminance gradient of each vertex of the poly- 
gons, means for storing the result of arithmetic 
operations of the arithmetic operation means, 
rendering means for performing shading, tex- 30 
ture mapping, etc. of the polygons on the basis 
of the result of the arithmetic operations, 
means for storing a result of drawing in an 
image memory constituted basically by a mul- 
tiport DRAM, and means for controlling the 35 
image- memory, said apparatus characterized 
by comprising: 

an image memory (B) constituted by a 
multiport DRAM including a first memory (7) 
and a second memory (8) to which address 40 
lines, data lines, and memory control lines are 
individually connected; 

determination means (20) for determining 
whether the size of the second memory (8) is 
greater than double the display size of an 45 
image to be displayed; 

setting means (15, 9) for fixedly setting 
said first memory (7) as a texture memory for 
storing texture data and setting said second 
memory (8) as a frame memory for storing the 50 
result of drafting, if the size of the second 
memory (8) is greater than double the display 
size, said setting means also setting the inter- 
nal structure of the second memory (8) as 
imaginary double buffers divided by informa- 55 
tion of a highest bit for the address data, the 
internal data structure of said texture memory 
being such that two-dimensional texture data is 



expressed as one-dimensional texture data, the 
size of the one-dimensional texture data being 
less than a maximum value of a column ad- 
dress of said first memory; 

buffer switching means (9. 15) for switch- 
ing, within a vertical flyback time period, dou- 
ble buffers set within the second memory (8) 
such that one of said buffers is used for read- 
ing out image data from a SAM (serial access 
memory) port, and the other of said buffers is 
used for writing image data produced from the 
polygons into a RAM port; 

detecting means (10. 11) for detecting 
completion of reading out of the image data of 
every scan line of said buffer for reading out 
the image data; 

clearing means (13. 14. 15, 9) for clearing 
the scan line detected by said detecting 
means within a horizontal flyback time period 
(horizontal blanking time period) by means of a 
flash write function of said multiport DRAM; 

next-address output means (13. 14, 15. 9) 
for outputting an address of the next-readout 
scan line of the scan line cleared by said 
clearing means; and 

refreshing means (15. 16) for refreshing 
the texture memory in synchronism with the 
clearing processing of said clearing means and 
the address output from said next-address out- 
put means. 

2. The apparatus according to claim 1. character- 
ized in that said refreshing means for refresh- 
ing said texture memory refreshes a plurality 
of lines in said horizontal flyback time period 
by a RAS-only-refresh function. 

3. A method for controlling an image processing 
apparatus having coordinate conversion means 
for conversion to a display coordinates system 
on the basjs of model information consisting of 
polygons, arithmetic operation means for cal- 
culating a luminance gradient of each vertex of 
the polygons, means for storing the result of 
arithmetic operations of the arithmetic opera- 
tion means, rendering means for performing 
shading, texture mapping, etc. of the polygons 
on the basis of the result of the arithmetic 
operations, means for storing a result of draw- 
ing in an image memory constituted basically 
by a multiport DRAM, and means for control- 
ling the image memory, characterized in that 
an image memory (B) constituted by a mul- 
tiport DRAM including a first memory (7) and a 
second memory (8) to which address lines, 
data lines, and memory control lines are in- 
dividually connected said method character- 
ized by comprising: 
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a first step of determining whether the size 
of the second memory {8) is greater than dou- 
ble the display size of an image to be dis- 
played; 

a second step of fixedly setting said first 
memory (7) as a texture memory for storing 
texture data and setting said second memory 
(8) as a frame memory for storing the result of 
drawing, if the size of the second memory (8) 
is greater than double the display size, said i 
setting means also setting the internal struc- 
ture of the second memory (8) as imaginary 
double buffers divided by information of a 
highest bit for the address data, the internal 
data structure of said texture memory being / 
such that two-dimensional texture data is ex- 
pressed as one-dimensional texture data, the 
size of the one-dimensional texture data being 
less than a maximum value of a column ad- 
dress of said first memory; 2 

a third step of switching, within a vertical 
flyback time period, double buffers set within 
the second memory (8) such that one of said 
buffers is used for reading out image data from 
a SAM (serial access memory) port, and the 2: 
other of said buffers is used for writing image 
data produced from the polygons into a RAM 
port; 

a fourth step of detecting completion of 
reading out of the image data of every scan 3c 
line of said buffer for reading out the image 
data; 

a fifth step of clearing the scan line de- 
tected by said detecting means within a hori- 
zontal flyback time period (horizontal blanking 35 
time period) by means of a flash write function 
of said multiport ORAM; 

a sixth step of outputting an address of the 
next-readout scan line of the scan line cleared 
by said clearing means; and 40 

a seventh step of refreshing the texture 
memory in synchronism with the clearing pro- 
cessing of said clearing means and the ad- 
dress output from said next-address output 
means. 45 

An image processing apparatus characterized 
by comprising: 

an image memory (B) constituted by a 
multiport DRAM including a first memory (7) 50 
and a second memory (8) to which address 
lines, data lines, and memory control lines are 
individually connected; ■ 

memory control means (9. 15) for control- 
ling said second memory (8) so that said sec- 55 
ond memory (8) functions as imaginary double 
buffers divided by information of a highest bit 
for the address data, and switching, within a 



vertical flyback time period, such that one of 
said buffers is used for reading out image data 
from a SAM (serial access memory) port and 
the other of said buffers is used for writing 
image data produced from the polygons into a 
RAM port; 

data write means (5) for writing two-dimen- 
sional texture data in said first memory (7), 
with said two-dimensional texture data being 
expressed as one-dimensional texture data, 
and with the size of the one-dimensional tex- 
ture data being less than a maximum value of 
a column address of said first memory, and 
writing image data in said second memory (8); 

detecting means (10, 11) for detecting 
completion of reading out of the image data of 
every scan line of said buffer for reading out 
the image data; 

clearing means (13. 14. 15, 9) for clearing, 
when a detection output is obtained from the 
detecting means (10. 11), the associated scan 
line within a horizontal flyback time period 
(horizontal blanking time period) by means of a 
flash write function of said multiport DRAM; 

next-address output means (13. 14, 15. 9) 
for outputting an address of the next-readout 
scan line of the scan line cleared by said 
clearing means; and 

refreshing means (15. 16) for refreshing 
the texture memory in synchronism with the 
clearing processing of said clearing means and 
the address output from said next-address out- 
put means. 

5. The apparatus according to claim 4, character- 
ized in that said detecting means (10, 11) 
includes: 

a serial clock generator (11); and 
a scan line comparator (10) for counting an 
output clock from said serial clock generator 
(11) and comparing the counted result with the 
number of pixels of one line, thereby obtaining 
. said detection output (coincidence output). 

6. The apparatus according to claim 5, character- 
ized in that said detection output is also sup- 
plied to a controller (12) of a digital-to-analog 
converter for converting output data from said 
frame memory 8 to analog data. 
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© Texture mapping is performed on polygons at 
the same speed as a polygon drafting process with- 
out a texture cache, thereby preventing complexity 
and an increase in cost. An image memory (8) is 
constituted in a double-buffer structure, and an ad- 
dress line, a data line and a memory control line are 
individually connected to each buffer. One of the two 
buffers is used for texture data, and the other for a 
drawing result. The texture data is one-dimensional, 
and the size thereof is less than a maximum value of 
a column address. The other buffer is an imaginary 
double buffer with two buffers, one of the buffers 
being used for reading out image data from a SAM 
port, the other being used for writing image data 
produced from polygons. Read/write switching is ef- 
fected in a vertical flyback period. In the read-out 
buffer, just after row-directional read-out. the asso- 
ciated row is cleared by the flash write function of a 
multiport DRAM in a horizontal flyback period, and 
the next read-out address is output. In synchronism 
with this. ;xture data is refreshed. 
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